Influence of the Microstructure on the Thermal Properties of
Polycrystalline Diamond Films of Micrometer Thickness

H. Verhoeverd, D. Wittorf, and R. Zachai

! Daimler-Benz 4
New Materials
Postach 2360

89013 Ulm, German

2 Institutefir Festkoperforschurmy
Forschumszentrum Jiilich
52425 Julich, German

Chemical vaor dgoosited (CVD) diamond is well known ageomising material for device-aghéed solutions for the
thermal mangementproblems in electronicystems, because of itsghi thermal conductiwt its low electrical
conductivity, and thepossibility of large-area daosition on different substrate materials. Amadne mospromising
approaches are those that griste diamond kgers ony a few microns thick diregtlinto semiconductor devices. For
thepredication and iprovement of th@erformance of thesegglications, it is essential to have data for the thermal
properties of thin diamond Yars and their ggendence on microstructunadoperties. However, uto now, ony a few
experimental invesgations have dealt with the thernpmbperties of diamond on a micrometer scale.

In this work, the correlation between the thermal and microstrugitoerties of micrometer thick CVD diamond
layers deosited on (001)ikcon was investjated. The Igers investjated pan a wide rage of structuraproperties
from random smalgrained over columnar to ¢fily orientedgrain structures. The vertical thermal conduction
throwgh the boundaries of these diamongkla with silicon was measureg dpulsed laser-heatinmethod, which
hasproven to be sensitive to the thermal resistances regsfatim both the near-interfacial disorder and the remginin
diamond Iger [1]. It was observed that the thermal resistance for vertical conduction ghsinflaenced, for ajiven
layer thickness,othegrain size and the geee ofgrain orientation in the direction gfowth. In order to invegate
the thermal anisotpy of these lgers, the lateral thermal diffusiyitvas measuredylihe photothermal diglacement
techngue at transient thermgtatings. It was found that the vertical thermal condugtiitan order of ngnitude
greater than the lateral thermal condudjitdr columnargrained and fghly oriented Igers about 2um thick. For

a deper understandmof the thin film thermaproperties measured, microstructural invgastions of the interface
andgrain boundaries of these thin films will performed usig transmission electron microggoand electron engy
loss pectroscpy. Additional insghts into the correlation between thermal and structural nondeareities on a
micrometer scale aggovided ly recentphotothermal andptical gectroscpy mapping experiments [2].
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